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Objective: After endovascular aortic repair (EVAR) for aortic aneurysm, some patients may develop
urinary retention that may be vasogenic or neurogenic. This single-institution study investigated the
characteristics of patients who developed urinary retention after EVAR for aortic aneurysm.
Materials and Methods: Patients with thoracic or abdominal aortic aneurysms and who underwent EVAR
between November 2005 and October 2012 were reviewed. Those with post-operative urinary retention
requiring urodynamic evaluation with ﬁlling cystometry (CMG) were identiﬁed. Their characteristics,
surgical details, and urodynamic ﬁndings were collected for analysis.
Results: During the study period, 736 patients received endovascular treatment. Ten patients (nine males
and one female; mean age at surgery, 71 ± 15.0 years) developed post-operative urinary retention, for an
incidence rate of 1.36%. Two had co-morbid benign prostatic obstruction but all had aneurysm involving
the thoracic aorta, with the largest mean aneurysm diameter at 64.8 ± 22.6 mm. All of the distal landing
zones were above the celiac trunk and without occlusion of the blood supply to the urinary bladder.
Seven patients had cerebrovascular complications or spinal cord ischemia. The CMG done within three
months showed detrusor normoreﬂexia or over-activity in ﬁve, poor compliance of the urinary bladder
in three, and acontractile detrusor in two patients. Those with acontractile detrusor had detrusor over-
activity on follow-up CMG. Eight had successful decatheterization, while two with poor compliance of
the urinary bladder needed long-term catheterization. The mean urethral catheter retention duration
was 51.4 ± 33.1 days.
Conclusions: Urinary retention is a rare complication after EVAR for thoracic aortic aneurysm. Spinal cord
ischemia or cerebrovascular complications may be contributory.
Copyright © 2016, Taiwan Urological Association. Published by Elsevier Taiwan LLC. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
With the development of endovascular aortic repair (EVAR)
techniques, treatment for aortic aneurysms, dissections, trauma,
and other pathologies has become less invasive with lower
morbidity. In a meta-analysis, EVAR is associated with signiﬁcant
reductions in mortality [pooled odds ratio: 0.36; 95% conﬁdencey, Taipei Veterans General
District, Taipei City, Taiwan.
g).
ociation. Published by Elsevier Ta
-M, et al., Urinary retention
//dx.doi.org/10.1016/j.urols.20interval (CI): 0.228e0.578; p < 0.0001] and major neurologic in-
juries (pooled odds ratio: 0.39; 95% CI: 0.25e0.62; p < 0.0001)
compared to open repair.1 It is the treatment of choice for aortic
aneurysms in some medical centers.
However, clinically, some patients develop urinary retention
after EVAR for an aortic pathology. Despite being a minor compli-
cation, prolonged catheterization may increase patient anxiety and
discomfort, prohibit ambulation and rehabilitation, and augment
the risk of urinary tract infection. Unlike in other general surgeries,
procedure-speciﬁc factors may contribute to this complication. For
example, despite abundant collateral circulation to the urinaryiwan LLC. This is an open access article under the CC BY-NC-ND license (http://
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internal iliac artery embolization along the aortoiliac EVAR.2
Neurologic complications, including spinal cord ischemia and
stroke, may result in voiding dysfunction.
The present study retrospectively investigated the characteris-
tics of patients who developed urinary retention after EVAR for
aortic aneurysm in a single hospital. The urodynamic presentations
of the included patients were also analyzed.2. Materials and methods
Patients diagnosed with thoracic or abdominal aortic aneurysm
and who received elective or emergent EVAR in a single institute
between November 2005 and October 2012 were reviewed. The
principles of the Declaration of Helsinki were followed. The surgical
procedures were done as previously described.3 All of the patients
had urethral catheterization after general anesthesia in the oper-
ating room. The aorta was approached from a femoral access by
groin cut-down. The size of the stent graft was chosen according to
the diameter of proximal neck, with 10e23% oversizing, while the
length and number of the stent graft were selected to cover both
proximal and distal landing zones by at least 2.5 cm. Debranching
adjunct procedures such as carotid-to-carotid artery bypass were
performed depending on the clinical scenario.
After systemic heparinization, the stents were inserted into the
planned proximal landing zone. The position of the stent graft and
presence of endovascular leak, as well as the patency of supra-aortic
trunk and the bypass grafts were checked by aortography. In case of
paraplegia developing in the thoracic aortic EVAR, spinal cerebrospi-
nal drainage was immediately done. All of the patients were sent to
the cardiovascular intensive care unit for postoperative care. The
urethral Foley catheter was removed the next day if no major com-
plicationsdevelopedorafter thepatient’s general condition stabilized.
Patients with urinary retention were identiﬁed as those who
had failed urethral decatheterization postoperatively at least once
and needed urology referral for further urodynamic evaluation
with ﬁlling cystometry (CMG), which was performed based on the
principles proposed by the International Continence Society.4 The
urinary bladder was ﬁlled with normal saline at a rate of 30mL/min
via the existing urethral catheter and intra-vesical pressure was
determined. Compliance value < 20 mL/cmH2O was considered
poor, according to Stohrer et al.5
Detrusor over-activity was characterized by involuntary detru-
sor contractions during the ﬁlling phase. If detrusor contraction
was not demonstrated during urodynamic studies, it was viewed as
acontractile detrusor.6 The urethral catheter was removed once
contraction of the urinary bladder was detected. If no contraction
was demonstrated, or if the patient could not void spontaneouslyTable 1
Demographic data of 10 patients with urinary retention after endovascular treatment fo
Patient No. Age
(y)
Sex BMI (kg/m2) Smoking Type 2
1 86 Male 26.9 Yes Yes
2 53 Female 24.8 No No
3 82 Male 31.2 No No
4 76 Male 20.6 Yes No
5 79 Male 21.4 Yes No
6 79 Male 27.6 No No
7 77 Male 20.6 Yes No
8 68 Male 21.1 Yes No
9 37 Male 30.4 No No
10 73 Male 25.8 No No
BMI ¼ body mass index; BPO ¼ benign prostatic obstruction; CVA ¼ cerebrovascular acc
Please cite this article in press as: Cheng W-M, et al., Urinary retention
experience, Urological Science (2016), http://dx.doi.org/10.1016/j.urols.20after decatheterization, the urethral catheter was maintained and
CMG was repeated later at variable intervals.
Patient characteristics, including age, sex, comorbidities, loca-
tion, and size of the aortic aneurysm, presenting symptoms, sur-
gical/operative details, complications, and CMG ﬁndings were
collected for descriptive analysis.3. Results
A total of 736 patients underwent EVAR for aortic aneurysm
during the study period. Ten patients, including nine men and one
woman, met the inclusion criteria of postoperative urinary reten-
tion for an incidence rate of 1.36%. Based on their demographic data
(Table 1), the mean age at surgery was 71 ± 15.0 years and mean
bodymass index was 25.04 ± 4.04 kg/m2. In terms of comorbidities,
one patient had type 2 diabetes mellitus and three had a history of
prior cerebrovascular accident (CVA). Themean estimated prostatic
size was 49.2 ± 40.6 g and two of the nine male patients used a-
blockers for benign prostatic obstruction before EVAR. One patient
(Patient 1) had pyuria on preoperative urinalysis.
No-one had paraplegia, urinary retention, or leg, renal, or bowel
ischemia prior to EVAR. The aneurysm and surgical details of the 10
patients (Table 2) revealed that three needed emergency inter-
vention. Degeneration was the etiology for the aortic aneurysm in
six cases, hypertension in three cases, and infection in one case.
Three patients had aortic arch involvement only, two patients had
aneurysm involving the aortic arch as well as the ascending and
descending aorta, three patients had thoraco-abominal aorta
involvement, one patient had aortic arch and thoracic aortic
involvement, and another patient had aortic arch and abdominal
involvement. The mean largest aneurysm diameter was
64.8 ± 22.6 mm, with proximal neck diameter 33.9 ± 14.3 mm and
distal neck diameter 26.8 ± 3.9.3mm. All of the distal landing zones
were above the celiac trunk except for one stent graft of the
abdominal aortic aneurysm (Patient 8).
Aside from EVAR, six patients also had combined open repair via
median sternotomy. Three had concomitant embolization for left
subclavian artery. The mean operation time was 404.5 ± 198.5
minutes, with aortic clamping time 57.1 ± 63.9 minutes, circulatory
arrest time 16.2 ± 27.7 minutes , and circulatory support time
150.4 ± 126.5 minutes. Mean hypothermia was 22.8 ± 4.3C. Brain
protection was done in six patients. The mean estimated blood loss
was 810.6 ± 533.9 mL, mean main body size of the stent graft was
36.9 ± 3.8 mm, and mean length was 209.6 ± 92.9 mm. Seven pa-
tients had complications of CVA or spinal cord ischemia (SCI), but
their paraplegia or hemiparesis improved after cerebrospinal ﬂuid
drainage and/or rehabilitation (Table 3).r aortic aneurysm.
DM Prior CVA Estimated prostate size (mL) a-blocker for BPO
No 32.4 No
No d d
No 154.0 No
No 57.8 No
Yes 21.0 Yes
No 31.6 No
No 37.5 No
Yes 28.4 No
No 38.7 No
Yes 41.2 Yes
ident; DM ¼ diabetes mellitus.
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Table 2
Data concerning the aortic aneurysms of the 10 patients with urinary retention after endovascular treatment for aortic aneurysm.
Patient
No.
Etiology Dissecting
pseudoaneurysm
Location of the
true aneurysm
Largest
diameter
(mm)
Emergent
operation
ASA
score
Operative
time (min)
Estimated
blood
loss (mL)
Combined
sternotomy
procedures
Combined
embolization/bypass
surgery
Proximal landing
zone
Distal landing zone
1 Infection No Arch 78 Yes IV 80 200 No d Between left common
carotid artery & left
subclavian artery
Above celiac trunk
2 Degeneration No Ascending, arch, &
descending aorta
83 No IV 680 Ascending aorta &
total arch repair
with elephant
trunk
Left subclavian artery
embolization
Proximal to right
innominate artery
Above celiac trunk
3 Hypertension Yes
(DeBakey type IIIA)
d 58 No III 290 250 No d Between left common
carotid artery & left
subclavian artery
Above celiac trunk
4 Degeneration No Arch 78 No III 550 1100 Ascending aorta
banding
Aorto-innominate
bypass
Aorto-carotid-
subclavian bypass
Left subclavian artery
embolization
Proximal to right
innominate artery
Above celiac trunk
5 Degeneration No Arch 81 No IV 380 1500 Hemiarch repair
with elephant
trunk
Left carotid-subclavian
bypass
Proximal to right
innominate artery
Above celiac trunk
6 Degeneration Yes
(DeBakey type I)
d 76 Yes IV 365 1195 No Bilatral aorto-carotid
bypass
Left carotid-subclavian
bypass
Proximal to right
innominate artery
Above celiac trunk
7 Degeneration No Thoracoabdominal
aorta
65 No III 140 200 No d Distal to left
subclavian artery
Above celiac trunk
8 Degeneration No Arch 6.77 Yes III 390 500 Ascending aorta
repair with
elephant trunk
Bilateral aorto-carotid
bypass
Left carotidesubclavian
bypass
Proximal to right
innominate artery
Above celiac trunk
Abdominal aorta 60 d Below the oriﬁces of
renal arteries
Right: above
internal iliac artery
Left: below iliac
artery
9 Hypertension Yes
(DeBakey type I)
d 68 No IV 615 1450 Ascending aorta &
total arch repair
with elephant
trunk
d Proximal to right
innominate artery
Above celiac trunk
10 Hypertension Yes
(DeBakey type IIIA)
d 55 No IV 555 900 Ascending aorta &
total arch repair
with elephant
trunk
Left subclavian artery
embolization
Proximal to right
innominate artery
Above celiac trunk
ASA ¼ American Society of Anesthesiologists.
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Table 3
Data of postoperative complications and results of ﬁlling cystometry in the 10 patients with urinary retention after endovascular treatment for aortic aneurysm.
Patient
No.
Cerebrovascular accident Spinal cord
ischemia
Filling cystometry results Decatheterization Catheter retention
duration (d)
1 Detrusor normoreﬂexia Succeeded 40
2 Left occipital lobe, splenoium of corpus
callosum, bilateral cerebellum
Acontractile detrusor
(Detrusor overactivity on follow-up)
Succeeded 106
3 Detrusor overactivity Succeeded 13
4 Bilateral occipital lobes, bilateral cerebellum,
left middle cerebellar peduncle
Acontractile detrusor
(Detrusor overactivity on follow-up)
Succeeded 36
5 þ Detrusor normoreﬂexia Succeeded 20
6 þ Poor compliance of the urinary bladder Failed
7 Poor compliance of the urinary bladder Succeeded 37
8 þ Poor compliance of the urinary bladder Failed
9 Left parieto-temporal lobe Detrusor overactivity Succeeded 86
10 Bilateral occipital lobes, bilateral cerebellum þ Detrusor overactivity Succeeded 73
W.-M. Cheng et al. / Urological Science xxx (2016) 1e64Five patients had detrusor normoreﬂexia or over-activity on
CMG within 3 months postoperatively. Three had poor compliance
of the urinary bladder. On follow-up CMG, the acontractile detrusor
in two patients became detrusor over-activity. Successful decath-
eterizationwas achieved in eight patients. Two of the three patients
with poor urinary bladder compliance remained bed-ridden and
required long-term catheterization. The mean urethral catheter
retention duration was 51.4 ± 33.1 days.
4. Discussion
Endovascular aortic repair for aortic aneurysm, either elective or
emergent, has reduced mortality and major neurologic injuries, as
well as hospital and critical unit stay.1,7 It is now the preferred
treatment even if, clinically, some patients may develop refractory
urinary retention postoperatively. Some are unable to void after
urethral decatheterization at least once, warranting referral to
urologists for further evaluation. Although a minor complication,
postoperative urinary retention may be a signiﬁcant source of pa-
tient anxiety and discomfort.
Postoperative urinary retention can complicate any surgery and
anesthesia. Age, sex, comorbidities, medications, amount of intra-
venous ﬂuids, duration of surgery, and type of anesthesia have an
impact on the development of postoperative urinary retention.8
The type of surgery is also an important factor. For general surgi-
cal procedures, the incidence is ~3.8%.9 However, the incidence is
higher in joint arthroplasty (10.7e18.1%),10,11 anorectal surgery
(12e16.7%),12,13 and hernia repair under spinal or general anes-
thesia (5.9e13%).12,14 In the present study, the incidence is lower at
1.36%. The difference may be due to the stringent deﬁnition of
urinary retention in this study. In a study of orthopedic surgery, the
incidence is only 2.3%when urinary retention is deﬁned as the need
for consultation to the urology department regarding voiding
difﬁculty.15
There are fewer reports of urologic complications after aortic
surgery. Five out of 83 patients (6%) had urinary retention after
mini-laparotomy for repair of open abdominal aortic aneurysm.16
In a thoracic stent database of New Zealand, one in every four pa-
tients undergoing EVAR for infective thoracic aortic aneurysm
developed urinary retention.17 Urinary retention after internal iliac
artery embolization in conjunction with EVAR for aortoiliac aneu-
rysm was about 3%.2 Symptoms evoked by blocking the pelvic cir-
culation are often transient, but may be problematic. Thus,
interference of the blood supply to the urinary bladder is hypoth-
esized to be the cause of urinary retention in the present study.
All except Patient 8 had thoracic aortic aneurysms and all of
their distal landing zones of EVAR were above the celiac trunk.
Patient 8 had two segments of aortic aneurysm: one at the aorticPlease cite this article in press as: Cheng W-M, et al., Urinary retention
experience, Urological Science (2016), http://dx.doi.org/10.1016/j.urols.20arch and the other at the abdominal aorta. The EVAR for the
abdominal aortic aneurysm covered the left internal iliac artery
only as the right side was not stented. Unlike previous reports,
interference of the pelvic circulation to the urinary bladder did not
seem to be the etiology of postoperative urinary retention in this
study. However, seven out of 10 patients with repeated urinary
retention in this series had concomitant CVA or SCI. In this study,
ischemia of the central nervous system, rather than of the bladder,
was responsible for the postoperative urinary retention. Patient 1
had a history of type 2 diabetes and pyuria prior to EVAR, which
was associated with postoperative urinary retention. Patient 3 had
a huge prostate gland (estimated size, 154 g). Although he failed
decatheterization once, CMG within 2 weeks revealed detrusor
over-activity and the urethral catheter was removed early, on the
13th postoperative day. For Patient 7, only the effect of general
anesthesia might account for the development of this complication.
Voiding dysfunction after CVA is common. In the acute phase,
urinary retention from acontractile detrusor may occur, especially
after acute infarction of the cerebellum.18 In the chronic phase,
detrusor over-activity is the most common lower urinary tract
dysfunction.19 In this study, three patients were diagnosed with
acute cerebellar infarction and one had infarction of the left pari-
etotemporal region after EVAR. Two patients presented with
acontractile detrusor on CMG about 1 month postoperatively, but
had detrusor over-activity and were free of catheter 3 months later.
The two other patients with CVA received their ﬁrst CMG exami-
nation 3 months after EVAR. In their chronic phase, detrusor over-
activity was disclosed. Their urethral catheters were also success-
fully removed.
In this series, four patients complicated with SCI had urinary
retention. The spinal cord is supplied by a few radicular arteries and
interference in the blood supply of these radicular arteries by EVAR,
or global hypoperfusion of the spinal cord due to hypotension, may
result in SCI.20,21 Coverage of the left subclavian artery, extensive
coverage of the thoracic aorta, concomitant open aortic surgery,
and compromising important collateral circulation are risk factors
for SCI during EVAR for thoracic aortic disease.22,23 The patient
group in this study fulﬁlled some of the risk factors, including
coverage of the left subclavian artery, extensive involvement of the
thoracic aorta, and concomitant open surgery.
Autonomic dysfunction due to SCI was common and was
impeded in some patients. More than half were affected by acute
urinary bladder dysfunction in a series of 44 patients with SCI, with
improvement of voiding function in eight of 14 patients with
available follow-up information, while ﬁve patients regained
ambulation as well.24 Similarly, in an intermediate follow-up of an
average of 3.4 months, 58.6% remained catheterized while 28% of
the 83 patients who were discharged with a catheter becameafter endovascular treatment for aortic aneurysm: A single hospital
16.04.005
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due to aortic surgery might be worse than those of other
etiologies.26
Moreover, urinary bladder dysfunction, as well as walking
disability and impaired proprioception at the onset of SCI, may be a
predictive factor for poor prognosis in 2 months.27 However, this is
unknown when it comes to EVAR treatment. In the present study,
two of four patients had ambulatory disability and their urinary
bladder compliance remained impaired on CMG follow-up. Long-
term catheterization was needed.
Unlike traumatic spinal cord injury, the urodynamic pattern in
SCI is diverse and inconsistent. In this series, two patients had poor
urinary bladder compliance: one patient was detrusor over-activity
and the other patient was acontractile detrusor. Similar results
were reported by other authors. Siroky et al28 reported urodynamic
ﬁndings in nine patients with SCI. Acontractile detrusor was noted
in six, while detrusor over-activity with detrusor-sphincter dysy-
nergia was demonstrated in three. Yasuda et al29 studied the lower
urinary tract function in 10 patients with anterior cord syndrome.
Their CMG revealed detrusor over-activity in eight patients, nor-
moreﬂexia in one patient, and acontractile detrusor in one patient.
External sphincter electromyography also revealed detrusor-
sphincter dysynergia in four patients, but was normal in six
patients.29
In a series of 18 patients with SCI, seven patients had detrusor
over-activity or normoreﬂexia while the remaining 11 patients had
detrusor under-activity or acontractile detrusor.30 Of note, six of the
10 patients with thoracic or cervical sensory level presented with
detrusor under-activity or acontractile detrusor. Ten patients with a
history of aortic aneurysm repair showed diverse urodynamic di-
agnoses, including ﬁve patients with detrusor under-activity or
acontractile detrusor, four patients with detrusor-sphincter dysy-
nergia, and one patient with poor urinary bladder compliance.30
The degree of arthrosclerosis of collateral vessels and the variable
origin and multiplicity of radicular arteries make SCI more unpre-
dictable. Patients with SCI rarely present with symptoms that begin
with or are limited to urinary retention.31 Thus, despite the lack of
other focal neurologic signs, complete urodynamic study is
important for evaluating patients with urinary retention after
EVAR.
This study has several limitations. First, this is a retrospective
study and detailed records of concomitant neurologic deﬁcits are
not available. Second, only patients with repeated urinary
retention and needing urology consultation were included,
thereby underestimating the incidence of urinary retention.
Some patients with temporary urinary dysfunction who recov-
ered within 1e2 weeks were neglected. Third, other factors
associated with urinary retention, including benign prostatic
obstruction, and the effect of general anesthesia cannot be ruled
out. Fourth, most of the patients lack complete urodynamic
studies, especially electromyography of the external sphincter.
The incidence and impact of detrusoresphincter dysynergia are
hardly identiﬁed, which may inﬂuence the management in these
patient groups. Nonetheless, this study provides insights into this
relative rare but bothersome complication of EVAR for aortic
aneurysm. Further prospective studies are warranted to evaluate
urinary dysfunction in patients undergoing EVAR for aortic
aneurysm.
In conclusion, urinary retention after EVAR for aortic aneurysm
is a rare complication that may be transient. Patients with thoracic
aortic aneurysm may be at higher risk of this complication. The
cause may be CVA or SCI, rather than interference of the blood
supply to the urinary bladder via the internal iliac artery. ThePlease cite this article in press as: Cheng W-M, et al., Urinary retention
experience, Urological Science (2016), http://dx.doi.org/10.1016/j.urols.20urodynamic presentation of SCI underlying urinary retention varies
and complete urodynamic studies are essential for guiding the
management of these patients.Conﬂicts of interest
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